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midlife allostatic load: a study of potential
mediators
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and Erik L. Mortensen1,2
Abstract
Background: The mechanisms underlying the association of parental socioeconomic position with later life
allostatic load remain unclear. The present study aims to examine potential pathways underlying this association:
personality, social relations, intelligence and education.
Methods: The study comprised 361 members of the Copenhagen Perinatal Cohort who participated in two
subsequent follow-ups: the Prenatal Development Project (mean age 27 years) and the Copenhagen Aging and
Midlife Biobank study (mean age 50 years). Allostatic load was based on 14 biomarkers representing the
inflammatory, metabolic and cardiovascular system measured at midlife. Information on potential mediators was
collected in young adulthood, and their role in the association of parental socioeconomic position with midlife
allostatic load were examined in linear regression path analyses.
Results: Parental socioeconomic position at one year was inversely associated with midlife allostatic load (β = − 0.
238, p < .001). No mediation effects were found for personality or social relations. In a model including intelligence
and education, a significant indirect effect was found for education (β = − 0.151, p < .001). A significant direct effect
remained (β = − 0.111, p = .040).
Conclusions: Parental socioeconomic position was inversely associated with allostatic load in midlife. Results
suggest that part of this association was mediated by education. A better understanding of the non-cognitive
pathways related to education is an important prerequisite for the development of effective intervention strategies.
Keywords: Allostatic load, Parental socioeconomic position, Personality, Social relations, Intelligence, Education
Background
Parental or childhood socioeconomic position (SEP) has
consistently been found to be associated with later life
health and mortality [1–3]. Recently, increasing attention
has been paid to the biological mechanisms underlying
this association. The concept of allostasis has emerged as
an important perspective in studies of how life course
exposures to stressful circumstances become biologically
embedded. Allostasis refers to the regulatory processes
occurring across multiple physiological systems in an
(attempted) adaptation to environmental demands. To the
extent that these processes become maladaptive over time,
they result in so-called allostatic load (AL), reflecting a
level of physiological dysregulation associated with
disease and premature mortality [4]. Constructed as a
multi-system composite index, AL has been shown to
predict morbidity and all-cause mortality better than
the individual component biomarkers [5], making it
useful as an early marker of disease risk [6].
The association of childhood parental SEP with later
AL is already well-established [7–10]. The mechanisms
underlying this association have been examined to a
lesser extent, and identifying potentially modifiable path-
ways is crucial to the development of effective intervention
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strategies. Based on theoretical considerations and
previous empirical findings, the present study aimed
to examine four potential pathways through which
parental SEP could influence later AL: personality,
social relations, intelligence and education.
The association of personality with AL has received
very little attention. However, as AL is posited to reflect
physiological wear and tear resulting from chronic
stress, individual differences associated with stress
exposure, perception and coping are central to the AL
model [11]. It is well-known that people with higher
levels of neuroticism tend to report more stressors and
display more emotional and physiological reactivity to
stressors under experimental conditions [12–14]. For
this reason, there is a growing interest in the association
of personality with AL and inflammation in particular.
Cross-sectional studies have shown AL to be positively
associated with neuroticism, and inversely with extraver-
sion and conscientiousness [15], while inflammatory
markers such as C-reactive protein and interleukin 6,
frequently included in the AL construct, have been
shown to be inversely associated with conscientiousness
and positively with neuroticism [16, 17]. Personality is
also associated with parental SEP; low parental SEP is
associated with multiple physical and psychosocial risk
factors, such as instability, abuse and interpersonal
conflict [18, 19], and children growing up in low SEP
environments have been found to have more psycho-
social difficulties and higher risk of psychiatric illness
[20, 21]. Parental SEP is thus likely to affect non-morbid
personality development as well, and a few studies have
shown associations of parental SEP with adult personal-
ity scores [22–25].
Personality is also associated with social relations, and
several studies have shown various aspects of social
relations to be associated with both SEP and AL. Low
parental education and adult SEP have been found to be
associated with lower levels of social support [26, 27].
Social support, frequency of social contact and other
measures of social relations, such as self-reported nega-
tive experiences with spouse and family, have also been
found to be associated with AL after adjusting for age,
education and health behaviors [28, 29].
The adverse exposures associated with growing up in a
low SEP environment have also been found to have a
detrimental effect on neurocognitive development [30,
31], and parental SEP has consistently been found to be
positively associated with intelligence and educational
achievement [32–36], perhaps because high SEP parents
provide more cognitively stimulating environments, e.g.
by reading more frequently to their children [37].
Education and intelligence can be hypothesized to affect
AL in several ways. First, some studies have shown
higher education and intelligence to be associated
with lower exposure to stressful and traumatic events
[38–40]. Second, cognitive functions are related to
stress perception and coping. For example, measures
of working memory have been found to be positively
associated with successful emotion regulation and
neutral appraisals of a negative emotional stimulus
[41, 42], and general daily stressors have been associ-
ated with higher negative affect in people with mild
cognitive impairment compared to controls [43]. Such
findings support an understanding of stress exposure,
perception and management as processes which to
some extent depend on cognitive and non-cognitive
stable characteristics of the individual. Both cognitive
ability and education have also been shown to be as-
sociated with later AL. In the Lothian Birth Cohort, a
broad measure of intelligence was inversely associated
with AL more than 50 years later [44, 45], and Gale
et al. [46] found choice reaction time at age 16 to be
positively associated with AL at age 36. Related to
intelligence, education has been shown to influence
health not only through related gains in occupational
achievement and wealth, but also by increasing health
literacy and promoting health behavior [47]. One of the
earliest studies of AL showed an inverse association of
educational attainment with AL [48], and recent findings
have suggested that education mediates the association of
childhood SEP with adult AL [49, 50].
Barboza Solís et al. [50] recently examined several
potential mediators of the association of parental SEP
with AL at age 44 and found educational attainment at
age 23 to be a primary mediator. However, as the au-
thors noted, the study was limited by lack of information
on variables representing potential pathways, such as
cognitive ability and personality traits. Using prospect-
ively measured data from infancy, young adulthood and
midlife in formal path analyses, the present study aimed
to test these and other mediators of the parental SEP-AL
association. We hypothesized an inverse association
between parental SEP and AL, partly mediated by
personality traits, satisfaction with social relations,
intelligence level and years of education.
Methods
Study sample
The study sample consists of 361 members of the
Copenhagen Perinatal Cohort (CPC, 1959–1961) who
participated in two subsequent follow-up studies: the
Prenatal Development Project (PDP, 1982–1994) at the
mean age of 27 years (SD = 4.36), and the Copenhagen
Aging and Midlife Biobank study (CAMB, 2009–2011)
at the mean age of 50 years (SD = 0.79).
The CPC consists of 9125 children born to 8949
mothers at the Copenhagen University Hospital between
October 1959 and December 1961. Admittance was
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based on area of residence (Copenhagen), but some were
referred due to obstetrical complications or single
mother status [51]. Information on pre-, peri- and postna-
tal factors was collected in personal interviews during
pregnancy, at birth and at a 1-year follow-up assessment.
The PDP focused on the long-term effects of pre- and
perinatal factors on psychological and physical develop-
ment [52]. On the basis of perinatal records, 1575
members of the CPC were invited to the PDP which in-
cluded personality assessment by the Eysenck Personal-
ity Questionnaire (EPQ) [53], intelligence assessment by
the Danish version of the Wechsler Adult Intelligence
Scale (WAIS) [54], and extensive questionnaires on
physical, psychological and social factors. A total of 1208
members of the CPC agreed to participate in the PDP.
In 2009, 843 of the PDP participants were invited to
the CAMB study [55] including questionnaires and a
health examination with blood samples. The final sample
consisted of 361 members of the CPC with continued
participation in the PDP and information on AL from
CAMB (Additional file 1: Figure S1: Overview of the
data collection).
The CAMB study protocol was approved by the local
ethics committee (No: H-A-2008-126) and Danish Data
Protection Agency (No: 2008–41-2938) and all partici-
pants signed informed consent forms.
Measures
Allostatic load
AL was measured as an index score based on 14
biomarkers extracted from non-fasting blood samples
and representing three regulatory systems: The inflam-
matory system (interleukin 6, tumor necrosis factor α,
high sensitivity C-reactive protein), the metabolic system
(low density lipoprotein, high density lipoprotein, total
cholesterol, body mass index (BMI), waist/hip ratio,
blood glucose, triglycerides, HbA1c, percent body fat)
and the cardiovascular system (systolic and diastolic
blood pressure, averaged across four measurements). A
detailed description of data collection and blood sample
analyses can be found in Hansen et al. [56]. The AL
score was computed using the traditional count-based
method of summing the number of AL markers falling
in the high-risk quartile [4], resulting in an index range
of 0–14. Cut-offs were derived from the full CPC
subsample of CAMB (N = 1718) and defined as the
within-sample sex-specific 75th percentile, except in the
case of HDL, for which high risk was defined as below
the 25th percentile (Additional file 2: Table S1:
Sex-stratified means, medians and risk cut-points for AL
biomarkers). Information on all 14 biomarkers was avail-
able for 97% of the CPC subsample participants. AL
scores were computed only for participants with infor-
mation on at least 50% of the included biomarkers,
resulting in the exclusion of seven participants with ≥8
biomarkers missing. For participants with at least seven
but less than all 14 biomarkers available, AL was
computed by multiplying the mean score of the available
biomarkers by 14.
Parental socioeconomic position
Parental SEP was based on information from the 1-year
follow-up examination and was derived from informa-
tion on four factors, each of which were assigned points
from 0 to 5: occupation of the breadwinner, type of
income of the breadwinner (e.g. unemployment relief,
weekly or monthly wage, own business or capital etc.),
education of the breadwinner and quality of living
accommodation (size, number of persons per room etc.).
In relation to the data collection, the resulting 0–20
point scale was recoded to a scale from 1 to 8, with
lower values reflecting lower levels of SEP [51].
Young adulthood mediators
Potential mediators from the PDP follow up (mean age
26.9 years) were selected a priori based on theoretical
considerations and previous findings.
Personality Personality traits were measured using a
Danish version of the Eysenck Personality Questionnaire
(EPQ) [53]. The questionnaire consisted of 101 ‘yes’ or
‘no’ response items. From these, scores on trait neuroti-
cism, extraversion, psychoticism and social desirability
(lie scale [57, 58]) were derived.
Intelligence Intelligence was measured using the
complete Wechsler Adult Intelligence Scale (WAIS)
[54]. The test was individually administered by three
psychologists, all of whom were blinded to information
on parental SEP and other early life factors of the partic-
ipants. Danish test score norms were used to derive Full
Scale IQ scores. Sample range was 64–138.
Years of education The highest level of primary and
secondary school education of the participants was
recorded in personal interviews and coded as years of
education. Sample range was 7–13 years.
Social relations satisfaction Two scales were created to
reflect the participants’ satisfaction with their social rela-
tions. Social relations satisfaction: In personal interviews,
participants were asked: “Can you mention some aspects
of life that you are particularly satisfied with?”. Based on
the answers, a list of items representing different aspects
of life was produced, including three items about social
relations with family, partner and friends, respectively.
For each of these items, a binary variable was created
indicating whether the item was mentioned. A social
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relations satisfaction score was constructed as the sum of
these binary variables with a sample score range of 0–3.
Social relations dissatisfaction: Participants were
asked: “Can you mention some aspects of life that
you are particularly dissatisfied with?”. Again, a binary
variable was created for each item; family, partner
and friends, indicating whether or not this was men-
tioned as an area of particular dissatisfaction. The
range for the dissatisfaction score was 0–2.
Covariates
In all mediation models, potential mediators were
adjusted for sex and age at young adulthood follow-up
(range 20–34 years). Additionally, AL was adjusted for
time of day of blood draw and fasting status within two
hours of blood draw to account for natural diurnal
variation in some biomarkers. For the purpose of
supplementary analyses, potential early life biomedical
confounders were selected among factors found to be
associated with childhood SEP and recently found to
predict midlife AL in the Perinatal Cohort (unpublished
observations). These were: maternal smoking in the
third trimester (yes/no), complications at birth (yes/no)
and maternal BMI. Further, the effect of adult SEP mea-
sured concurrently with the AL biomarkers was exam-
ined in all mediation models. Adult SEP was based on
occupational social class coded I to VI with I represent-
ing professional occupation and VI representing transfer
income [59].
Statistical analyses
First, the association of parental SEP with AL was
assessed in a model containing no mediators or con-
founders. Next, the effects of potential mediators on the
parental SEP-AL association were tested in three separate
linear regression path analysis models: Model 1:
extraversion, neuroticism, psychoticism and lie scale,
Model 2: social relations satisfaction and dissatisfac-
tion, and Model 3: intelligence and school education.
Finally, in Model 4, all potential mediators were com-
bined in a single model. In supplementary analyses,
all models were adjusted for adult SEP and potential
confounding factors related to parental SEP and
known to influence adult AL. All variables were stan-
dardized before analyses.
Sex differences were examined using independent
samples t-tests. Potential interaction effects of sex on
the parental SEP-AL association were examined in mul-
tiple regression analyses and revealed no significant
interaction terms. Missing data rate ranged from 0%
(AL, sex) to 10.8% (social relations satisfaction and
dissatisfaction scores). To handle missing data, the full
information maximum likelihood (FIML) procedure was
used, enabling use of all available information [60]. All
analyses were also conducted using only complete cases.
Robust standard errors were used in all mediation
models, and all analyses were performed in Stata V14.
Results
Table 1 shows means and standard deviations for AL
and potential mediators and covariates, stratified by low
and high parental SEP, and p-values for tests of differ-
ences according to parental SEP group. The sample
comprised 53.5% women. Participants with low parental
SEP at one year had higher levels of AL at midlife, fewer
years of education and lower levels of intelligence
(p-values for t-tests < .001).
In accordance with previous studies, there was a highly
significant inverse bivariate association of parental SEP
with AL (r = −.26, p < .001) (Additional file 3: Table S2:
Correlation matrix of all study variables). Also signifi-
cantly associated with parental SEP were intelligence
and years of education (p < .001). AL was significantly
inversely associated with intelligence and years of
education, and marginally significantly associated with
extraversion (p = .074) and social relations satisfaction
(p = .079).
In a model adjusted only for fasting status and time of
blood draw, the association of parental SEP with midlife
AL was β = − 0.238, p < .001. The model R-squared
showed that this model explained 9.2% of the variance
in AL.
Model 1: Mediational effects of neuroticism, extraversion,
psychoticism, and lie scale
Figure 1 shows a path diagram of Model 1. Contrary to
our hypothesis, none of the examined personality traits
significantly mediated the parental SEP-AL association.
Aside from the association of extraversion with AL
(β = 0.128, p = .024) and the direct effect of parental
SEP on midlife AL (β = − 0.237, p < .001), there were
no significant paths in this model. Model 1 explained
approximately 11% of the variance in AL.
Model 2: Mediational effects of social relations
satisfaction and dissatisfaction
Figure 2 shows a path diagram of Model 2. While the
direct effect of social relations satisfaction on AL was
marginally significant (β = − 0.094, p = .066), neither so-
cial relations satisfaction nor dissatisfaction significantly
mediated the parental SEP-AL association. The model
explained 11% of the variance in AL.
Model 3: Mediational effects of intelligence and years of
education
Figure 3 shows a path diagram of Model 3. In this
model, the total effect of parental SEP on AL (β = − 0.242,
p < .001) was significantly mediated by years of education
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(β = − 0.151, p < .001). Despite a highly significant path
from parental SEP to intelligence, the path from
intelligence to AL was not statistically significant (β =
0.059, p = .33). A direct effect of parental SEP on AL
remained (β = − 0.111, p = .040). Model 3 explained 17%
of the variance in AL.
Model 4: Full model containing all potential mediators
Figure 4 shows a path diagram of Model 4 with all
potential mediators in a combined model. The associ-
ations of social relations satisfaction and dissatisfac-
tion with AL were strengthened (β = − 0.112, p = .019
and β = 0.087, p = .078, respectively), but their indirect
Table 1 Descriptive statistics of parental SEP, allostatic load, potential mediators and covariates including tests of differences
according to parental SEP group
Low parental SEP (1–5) High parental SEP (6–8) Full sample
n Mean (SD) n Mean (SD) n pa
Allostatic load (midlife) 208 4.05 (2.73) 123 2.72 (2.33) 361 < .001
Parental SEP (infancy) 208 3.56 (1.04) 123 6.85 (0.77) 331 < .001
Potential mediators (young adulthood)
EPQ neuroticism [0–23] 185 7.58 (5.28) 116 6.91 (4.61) 326 .26
EPQ extraversion [0–21] 185 14.7 (4.30) 116 15.1 (4.07) 327 .38
EPQ psychoticism [0–25] 184 4.07 (2.41) 116 4.20 (2.19) 326 .65
EPQ lie scale [0–21] 186 7.30 (3.24) 115 6.70 (3.42) 327 .13
Social relations satisfaction 182 0.75 (0.80) 114 0.80 (0.84) 322 .64
Social relations dissatisfaction 182 0.10 (0.32) 114 0.13 (0.36) 322 .50
Intelligence 184 101.5 (13.7) 115 110.5 (13.5) 325 < .001
Years of education 184 10.6 (1.48) 115 11.9 (1.48) 325 < .001
Covariates
Female sex (%) 113 54.3 67 54.5 361 .98
Young adulthood age 184 26.9 (4.23) 115 26.6 (4.40) 325 .54
Time of blood draw 207 11.2 (2.30) 123 11 (2.37) 360 .29
Fasting (%) 139 66.8 86 69.9 359 .49
Maternal smoking (%) 87 41.8 41 33.3 354 .14
Complications at birth (%) 16 7.69 10 8.13 360 .90
Maternal BMI 189 22.2 (3.36) 117 21.3 (2.26) 334 .014
Adult SEP 204 3.24 (1.45) 118 2.49 (1.39) 352 < .001
Note. SEP = Socioeconomic position. EPQ = Eysenck Personality Questionnaire. BMI = Body Mass Index
at-tests or chi-square tests
0.032
-0.067
Parental 
SEP
Neuroticism
Psychoticism
Lie scale
0.128*
0.072
-0.099†
0.076
-0.237***
-0.014
-0.030
Allostatic 
load
Extraversion
Fig. 1 Direct and indirect paths in Model 1. Mediators adjusted for sex and young adulthood age. AL adjusted for fasting status within two hours
before blood draw and time of blood draw. Path coefficients are standardized. †p < .10; *p < .05; **p < .01; ***p < .001
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effects remained non-significant. This model ex-
plained 22% of the variance in AL.
Table 2 shows a partitioning of the direct and indirect
effects for all four models.
Two supplementary analyses were conducted: first, we
adjusted AL for midlife SEP measured concurrently with
the biomarker collection in the CAMB study. This
strengthened the association of social relations satisfac-
tion with AL in Model 2 (β = − 0.103, p = .046) and
slightly attenuated the direct association of parental SEP
with AL in all models; in Model 3 (β = − 0.100, p = .068)
and model 4 (β = − 0.097, p = .064) to marginal signifi-
cance. The adjustment for adult SEP did not significantly
change results regarding mediation. Second, we adjusted
for potential confounders of the associations between
potential mediators and AL related to early life health.
Potential confounders were maternal smoking in the
third trimester, complications at birth and maternal
BMI. While the overall results were unchanged, this did
attenuate some estimates; in particular, in Model 3 the
direct association of parental SEP with AL was reduced
to marginal significance (β = − 0.105, p = .052). Aside
from this, there were no substantial changes in the
results. Using a complete case approach yielded no sig-
nificant differences in results for any model.
Discussion
In this study, parental SEP at one year was inversely as-
sociated with AL at midlife. Several potential mediators
of this association were tested, but significant mediation
was found only for years of school education. The direct
effect of parental SEP remained in all models.
In Model 1 the role of neuroticism, extraversion,
psychoticism and lie scale personality traits were exam-
ined, which to our knowledge have not previously been
tested as mediators of the parental SEP-AL association.
The finding that none of the included personality traits
mediated the parental SEP-AL association was surprising
considering the central role of stress exposure and
experience in AL theory, and the well-established as-
sociation of personality with stress exposure and cop-
ing [12, 61]. It is however consistent with a study
examining a range of personality traits as mediators
of the adult SEP-AL association, including hostility,
agreeableness, emotional stability and surgency [62].
Significant mediation was found only for hostility,
Parental 
SEP
Allostatic 
load
Social relations 
dissatisfaction
Social relations 
satisfaction
0.0720.017
-0.094†0.037
-0.233***
Fig. 2 Direct and indirect paths in Model 2. Mediators adjusted for sex and young adulthood age. AL adjusted for fasting status within two hours
before blood draw and time of blood draw. Path coefficients are standardized. †p < .10; * p < .05; **p < .01; ***p < .001
-0.111*
-0.340***0.444***
0.0590.335***
Parental 
SEP
Allostatic 
load
Years of 
education
Intelligence
Fig. 3 Direct and indirect paths in Model 3. Mediators adjusted for sex and young adulthood age. AL adjusted for fasting status within two hours
before blood draw and time of blood draw. Path coefficients are standardized. †p < .10; *p < .05; **p < .01; ***p < .001
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which has also been found to mediate the association
of education with AL [48]. Thus, the inclusion of
more specific facet-measures of personality, such as
hostility, or of different traits, such as conscientious-
ness, might have yielded different results. Further, as
most of the direct associations among parental SEP,
personality traits and AL were in the expected direc-
tions (e.g. lower levels of parental SEP related to
higher levels of neuroticism, in turn related to higher
levels of AL), we do suspect some of our results to
be influenced by our sample size and resulting power
issues; a previous study based on a larger sample of
the PDP study (N = 1055) found significant associa-
tions of parental SEP with neuroticism, psychoticism
and lie scale [23].
Model 2 showed no indication of a mediating effect of
social relations satisfaction or dissatisfaction. This is in
accordance with studies of the effects of similar media-
tors such as social support and strain [63], although
some findings do suggest that adult social relationships
can offset the effect of childhood socioeconomic and
social adversity on AL to some extent [7, 64].
Model 3 showed the effect of parental SEP on midlife
AL to be partially mediated by years of education. This
confirms previous findings of educational attainment
mediating the effect of early life socioeconomic adversity
on midlife AL [49, 50, 63]. A recent study examined four
different pathways in the associations of maternal
education and paternal occupation at birth with AL at
age 44 years; an educational, a psychosocial, a financial
and a health behaviors pathway. In accordance with our
findings, the primary mediator of both measures of par-
ental SEP was educational attainment at age 23 years
[50]. The authors hypothesized an underlying effect of a
cognitive construct that they were unable to test directly.
In the present study, using the WAIS Full Scale IQ score
allowed us to test the mediating role of such a construct;
while there was a borderline significant indirect effect of
intelligence in a model with this as the only mediator,
this effect was strongly attenuated in Model 3 when in-
cluding years of education. Despite highly significant as-
sociations of parental SEP with both years of education
and intelligence, only years of education was significantly
associated with AL in a combined model, suggesting that
mediation occurs via non-cognitive factors related to
education.
This is, however, in contrast to results from several
studies of AL reporting a minor role of education com-
pared to intelligence. In the Dunedin cohort, childhood
IQ measures collected before the onset of formal school-
ing significantly predicted midlife scores on a biomarker
algorithm similar to AL [65]. While the effect of later
education was not estimated, this was examined in the
Lothian Birth Cohort [45]; adjusting for age 11 IQ,
parental SEP was no longer a significant predictor of AL
at age 70, and the association of IQ with AL was only
-0.351***
0.051
0.087†
-0.112*
0.445***
0.339***
0.028
0.028
0.059
-0.082
-0.021
0.119*
-0.105†
0.073
-0.077
0.032
-0.109*
Parental 
SEP
Years of 
education
Intelligence
Social relations 
dissatisfaction
Social relations 
satisfaction
Neuroticism
Psychoticism
Lie scale
Extraversion
Allostatic 
load
Fig. 4 Direct and indirect paths in Model 4. Mediators adjusted for sex and young adulthood age. AL adjusted for fasting status within two hours
before blood draw and time of blood draw. Path coefficients are standardized. †p < .10; *p < .05; **p < .01; ***p < .001
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partially mediated by educational attainment. These
findings suggest that early measures of intelligence
significantly (and independently of education) predict
AL. Aside from the smaller sample size of the present
study, the discrepancy with the present findings could
result from cohort effects, reflecting generational
differences in the effect of education on AL. In a
recent twin study [66], the within-pair effect of
different educational levels on AL was found to be
non-significant in monozygotic twins. While the sample
age range (37–86 years) was considerably broader than
that of the present study, again limiting comparability, the
finding highlights the possibility of genetic or envir-
onmental confounding. The present study tested po-
tential confounding of the education-AL association
by maternal smoking, complications at birth and
maternal BMI, none of which significantly attenuated
the mediating effect of education.
The question thus remains which non-cognitive
factors related to education might influence AL.
Potential candidates can be found in factors associ-
ated with education but not included in the present
study. First, educational attainment is associated with
health-related behavior [67], and returning to the role
of personality, education is positively associated with
trait conscientiousness and an internal locus of
control [68, 69], both associated with better health
behaviors [70]. Education is also inversely associated
with hostility, which has been shown to mediate the
association of education with AL [48]. Second, educa-
tion is inversely associated with perceived social
status, which has been found to be associated with
AL [71]. Thus, it is possible that part of the effect of
education on AL arises through the perception of so-
cial inequality. Finally, education may influence AL
through lower stress exposure, as it is positively asso-
ciated with both socioeconomic success and conscien-
tiousness [27, 72, 73]. However, evidence is limited
for mediation of the of parental SEP-adult AL associ-
ation by health behaviors and adult stress exposure
[7, 9, 45, 50], and findings regarding the role of adult
SEP are inconsistent, with some studies showing a
stronger effect on AL of childhood SEP measures
[10], and others of adulthood SEP [7, 74]. In this
study, the direct effect of parental SEP was slightly at-
tenuated after adjusting for adult SEP, while the
indirect effect of education on AL persisted. Further
research into the pathways linking education and AL
seems warranted.
Finally, while the present findings suggest that the
effect of parental SEP on AL is partly mediated by
educational achievement, a substantial part of the effect
remained unexplained in the present and other studies
[7, 9, 50]. Whether this reflects an indirect path through
behavioral or environmental factors not included or
adequately represented in this study, or an independ-
ent (perhaps genetically confounded or biologically
embedded) effect remains unknown. It is also possible
that the effect of parental SEP observed in the
present study is in fact an effect of the risks and ad-
verse experiences associated with low SEP, which have
previously been found to predict AL [63, 75, 76]. We
find it most likely that these explanations are not
mutually exclusive, but that longitudinal associations
Table 2 Indirect and direct effects of parental SEP on midlife
allostatic load, adjusted for covariates (N = 361)
β [CI]ª p
Model 1
Indirect effects − 0.002 [− 0.023, 0.019] .87
EPQ neuroticism − 0.005 [− 0.015, 0.006] .36
EPQ extraversion 0.004 [− 0.011, 0.019] .59
EPQ psychoticism −0.002 [− 0.011, 0.006] .61
EPQ lie scale 0.001 [− 0.009, 0.012] .80
Direct effect − 0.237 [− 0.339, − 0.136] < .001
Total effect −0.239 [− 0.340, − 0.138] < .001
Model 2
Indirect effects −0.002 [− 0.019, 0.014] .79
Social relations satisfaction −0.003 [− 0.015, 0.008] .53
Social relations dissatisfaction 0.001 [−0.009, 0.011] .81
Direct effect −0.233 [− 0.333, − 0.132] < .001
Total effect − 0.235 [− 0.337, − 0.133] < .001
Model 3
Indirect effects −0.131 [− 0.187, − 0.075] < .001
Intelligence 0.020 [− 0.021, 0.061] .34
Years of education −0.151 [− 0.214, − 0.088] < .001
Direct effect −0.111 [− 0.217, − 0.005] .040
Total effect −0.242 [− 0.343, − 0.141] < .001
Model 4
Indirect effects −0.133 [− 0.193, − 0.074] < .001
EPQ neuroticism − 0.005 [− 0.014, 0.005] .37
EPQ extraversion 0.004 [− 0.010, 0.017] .58
EPQ psychoticism −0.002 [− 0.009, 0.006] .70
EPQ lie scale 0.009 [−0.006, 0.023] .24
Social relations satisfaction −0.003 [− 0.016, 0.009] .62
Social relations dissatisfaction 0.002 [−0.009, 0.014] .68
Intelligence 0.017 [−0.024, 0.058] .42
Years of education −0.156 [− 0.218, − 0.094] < .001
Direct effect − 0.109 [− 0.210, − 0.007] .036
Total effect −0.242 [− 0.343, − 0.141] < .001
Note. SEP = Socioeconomic position. EPQ = Eysenck Personality Questionnaire
aStandardized beta coefficients reported
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such as those in the present study arise in an inter-
play of direct and indirect socioeconomic and psycho-
social factors [77].
Strengths and limitations
The primary strengths of the present study are the
use of prospective data and the combination of
specific pathways not previously examined in the
context of parental SEP and AL. The parental SEP
measure was based on multiple indicators reflecting
both economic and social factors. However, although
the factors examined as potential mediators have been
selected based on their association with both parental
SEP, stress and AL, the lack of more direct measures
of stress exposure or adverse experiences is a limitation,
considering the conceptualization of AL as reflecting the
consequences of chronic stress exposure.
Further, by using a multifaceted preclinical outcome
measure in a midlife population, we have sought to
minimize survival bias and focus on predisease
pathways [6], though this does limit generalizability to
older populations. Generalizability is additionally
limited by the fact that parental SEP in infancy was
higher in the present sample (i.e. among participants in
the young adulthood and midlife follow-up) compared to
the full Copenhagen Perinatal Cohort (p < .001).
While previous findings have highlighted the problem
of reverse causation when studying predictors of out-
comes related to AL [78–80], this seems unlikely in the
present context, given that the included mediators have
on average been measured more than 20 years prior to
the assessment of AL biomarkers. Finally, our measure
of AL did not include any neuroendocrine markers.
As the HPA axis activity related to the neuroendo-
crine system is posited to play a central role in the
stress response associated with AL, we run the risk of
underestimating some effects which might have been de-
tected using a more comprehensive measure of AL [81].
Conclusions
Using prospective data from infancy, young adulthood
and midlife, the present study examined potential
pathways in the well-established association of paren-
tal SEP with adult allostatic load. No indirect effects
were found for social relations satisfaction or person-
ality, which was not previously examined as a poten-
tial mediator of the parental SEP-AL association.
Supporting previous findings, a significant indirect
effect was found for years of school education. The fact
that no such effect was found for intelligence suggests
mediation by non-cognitive factors related to education.
The findings thus highlight the need for further research
into the mechanisms by which education reduces the risk
of physiological dysregulation.
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